tials detected by these methods are thought to reflect the slow conduction that favors reentry.3) Recently, some studies utilizing signal-averaged electrocardiograms of P waves to predict paroxysmal atrial fibrillation or flutter (AF) have been reported.4)-8) They revealed that the filtered P wave duration was prolonged in patients with paroxysmal AF and showed the usefulness of the signal-averaged P wave as a screening test for occurrence of AF. The correlation between the signal-averaged P wave and electrophysiological evaluation of atrial vulnerability has also been investigated. The result indicated that filtered P wave duration was prolonged in patients with atrial vulnerability.6) But the signal-averaged P wave in various pathological conditions of the atrium without atrial fibrillation has not been well investigated. Prolongation of filtered P wave duration might be caused only by atrial dilatation or atrial overload.
In this study, we examined the characteristics of P waves in both filtered and unfiltered form in patients with AF and in patients with atrial overload without AF, and tried to reevaluate the clinical significance of the signalaveraged P wave as a predictor of AF.
METHODS
The following normal subjects and 3 patient groups were studied. (1) Control group consisted of 10 normal subjects. (2) Atrial fibrillation or flutter (AF) group consisted of 24 patients in whom paroxysmal atrial fibrillation or flutter was documented at least twice on standard electrocardiograms or 24-hour ambulatory electrocardiographic monitoring, or in whom sinus rhythm was maintained for more than 2 days following cardioversion by antiarrhythmic drugs or DC shock. The underlying cardiac diseases were hypertrophic cardiomyopathy in 2 patients, mitral regurgitation in 1, effort angina pectoris in 1, sick sinus syndrome in 1, and aortic regurgitation in 1. The other 18 patients had no obvious organic cardiac disease. Among the patients with underlying cardiac diseases, left atrial dimensions were less than 40mm in 3 patients and more than 40mm in 3. Patients with obvious left atrial overload were not included in this group. (3) The left atrial overload (LA) group consisted of 12 patients without AF with left atrial enlargement due to mitral valve disease. These included mitral valve stenosis in 6 patients and mitral valve regurgitation in 6 patients. Left atrial enlargement was diagnosed if left atrial dimension was longer than 40mm by echocardiography. (4) The right atrial overload (RA) group consisted of 10 patients with pulmonary hypertension but without AF. Pulmonary hypertension was diagnosed if pulmonary arterial mean pressure was higher than 20mmHg
by cardiac catheterization using a Swan-Ganz catheter. interatrial conduction disturbances.17) In this study, original P wave duration was longer in patients with AF than that in normal subjects, but the difference was not significant. On the other hand, filtered P wave duration was significantly longer in patients with AF than that in normal subjects. Therefore, filtered P wave duration seems to be a better marker of conduction disturbance of the diseased atrial muscle than original P wave duration. Tanigawa et al18) investigated right intraatrial electrograms from 12 points during sinus rhythm in patients with paroxysmal atrial fibrillation. They found more frequently fragmented and wider electrograms in the high, middle, and low atrium in patients with atrial fibrillation than in control patients. Cosio et al16) investigated conduction delay induced by extrastimulation from the high right atrium in patients with paroxysmal atrial fibrillation. They found that the patients had longer conduction delays from the high right atrium both to the His-bundle and to the coronary sinus. These findings indicate that conduction disturbance which favors reentry is widespread in the atrium in patients with paroxysmal atrial fibrillation. Prolongation of filtered P wave duration in patients with AF in this study might reflect similar electrophysiological characteristics. Endocardial mapping of the left atrium during sinus rhythm or left atrial extrastimulation is of interest and might reveal such fractionated electrograms.
Filtered P wave duration in atrial overload Left atrial size is an important factor to identify patients in sinus rhythm who are at risk of developing atrial fibrillation. Henry et al19) reported that atrial fibrillation was common when the left atrial dimension exceeded 40mm. In this study, patients with left atrial overload, though they had no history of AF, had the same longer filtered P wave duration as patients with AF. Furthermore, filtered P wave duration was significantly correlated with left atrial dimension.
To clarify whether filtered P wave duration could be an indicator of AF in addition to left atrial dimension, we divided patients with AF into 2 subgroups according to left atrial dimension greater or less than 40mm. Filtered P wave duration could differentiate AF patients with left atrial dimension less than 40mm from normal subjects. But among patients with left atrial enlargement, it could not differentiate patients with AF from patients with left atrial overload but without AF. Engel et al7) showed no significant difference in filtered P wave duration between patients with AF and patients with organic heart disease without AF, and denied the clinical significance of the signal-averaged electrocardiogram of the P wave as an indicator of atrial fibrillation. But they did not divide patients according to the left atrial dimension. Prolongation of filtered P wave duration seems to be an indicator of atrial fibrillation among patients with normal left atrial dimension but not a specific finding of atrial fibrillation among patients with atrial dilatation.
In canine experiments, left atrial enlargement has little effect on atrial cell electrophysiology. But histological studies revealed an unusually large amount of connective tissue present between greatly hypertrophied cells. 20) In patients with left atrial overload, a similar structural change in the atrium could be expected. Such morphologic change might produce conduction disturbance and the prolongation of filtered P wave duration.
Boyden et al21) produced right atrial enlargement surgically in canine experiments. They reported that transmembrane action potentials of the right atrium were not different from control, but histological studies showed hypertrophy of muscle fibers and increases in connective tissue between cells. These findings are similar to those observed in canine experiments with left atrial enlargement. Morphologic changes in the right atrium should also be reflected in filtered P waves. But in this study, patients with right atrial overload showed shorter filtered P wave duration than normal subjects. Filtered P wave is the sum of right and left atrial electrograms. Therefore, histological damage only in the right atrium did not alter total filtered P wave duration in this study. Volume overload such as tricuspid regurgitation or congenital heart disease may have different effects on the P wave. The reason filtered P wave duration was shorter than in normal subjects was not clear. Underlying disease in the RA group was chronic obstructive pulmonary disease in this study and conditions of the lung or deformity of the thorax should affect surface electrograms. Most of the patients in the RA group showed dyspnea during this study. Therefore, the baseline noise level of the filtered P wave tended to be higher than that of normal controls even after averaging 250 measurements. That might be one cause of the difference.
RMSV of original P waves was higher in patients with left and right atrial overload. But RMSV of original P waves in patients with AF, even in cases with combined left atrial dilatation, was not higher than normal subjects. It is possible that cellular hypertrophy due to atrial overload was reflected by the high voltage of original P waves. RMSV seemed to be helpful in determining whether the P wave was affected by atrial overload or not.
Jpn. Heart J. January, 1993 Limitations and clinical implications In this study, averaging of P waves was performed with QRS triggering. Thus, filtered P wave duration could be evaluated only on the condition that the P-Q interval is fixed. Patients who showed fluctuation of P-Q interval were not included and premature atrial complexs were excluded from this study. However, P wave triggering and P wave template should be better able to obtain more exact values.8) The mean age of the AF group was significantly higher than that of the control group. Atrial degeneration caused by aging also affects the P wave. The effect of aging on filtered P wave duration should also be investigated.
Conclusion
Prolongation of filtered P wave duration seems to reflect conduction disturbances of the atrium, especially the left atrium. Therefore, filtered P wave duration should be prolonged in various conditions that cause left atrial damage whether the conduction disturbance predisposes patients to atrial fibrillation or not. Filtered P wave duration should be an indicator of AF among patients with normal left atrial dimension, but in cases of patients with left atrial dilatation, it was not a specific indicator for AF. Left atrial dimension or left atrial overload should be taken into account in evaluating the filtered P wave as an indicator of atrial fibrillation or flutter. Atrial overload seemed to be reflected by the high voltage of original P waves. Evaluation of combined F-PD and RMSV of P waves may be useful to predict atrial fibrillation.
